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CONDITIONS TO PREVENT GLOBAL BUCKLING OF PIN-ENDED TUBE-IN-TUBE BRACES CONSIDERING LOCAL DEFORMATION AT END OF BUCKLING RESTRAINING MEMBER
Pin-ended buckling restrained braces have to be designed to restrain the excessive rotation at joints by buckling restraining member, and to carry the bending moment adequately from joint part to buckling restraining member. On that account, the one end of the restraining member is rigidly connected to the pin joint and stiffened member is inserted into the other end of the restraining member (called as sliding joint), as shown in Fig.4 . In this case, the deflection of the brace makes an asymmetric curve, and the local deformation of restraining member ( B ) which causes the global buckling of the brace may occur at the sliding joint. In the previous research, an asymmetric deflection curve and the influence of local deformation B is not considered in the evaluation of global buckling.
In this paper, the method to calculate deflection of the core member and bending moment of the buckling restraining member considering the local deformation of the restraining member is led theoretically, and conditions to prevent global buckling of pin-ended tube-in-tube braces are proposed. Also, validity of proposed method and conditions are examined through parametric study on cyclic loading test and FEM analysis.
The method to calculate initial deflection and deflection of the brace under axial compressive load is presented in Chapter 3. When the core member is plasticized by axial compressive load, sliding joint will rotate to contact with the restraining member at two points and the core member will contact with the restraining member at m points as shown in Fig.6 . This state is defined as the initial deflection of the brace, and the calculation formula is derived as Eq.2. The deflection of core member u is derived as Eq.9 by substituting Eq.2 for Eq.1.
Supposing that only restraining member is subjected to bending moment at buckling restrained part, the bending moment of restraining member M B is calculated by multiplying axial compressive force N by deflection u, as shown in Eq.12. Then, condition to prevent the global buckling is presented as Eq.13, that is, MB should be lower than bending yield moment BMy.
Cyclic loading test and FEM analysis are conducted to verify the validity of methods of calculating deflection and bending moment (Eq.9 and Eq.12) and the condition to prevent global buckling (Eq.13).
Results of cyclic loading test are presented in Chapter 4. At the first several loading cycles, calculated bending moment are larger than test results caused by the out-of-plane deflection. However, as loading cycles go on and the deflection become larger, calculated values become close to experimental values, and both values well corresponded at the cycle when M B reach to B M y for the first time. Furthermore, when MB has become larger than BMy, the deflection has increased rapidly, and then global buckling has occurred.
Results of FEM analysis which simulate monotonic compressive loading tests are presented in Chapter 5. In FEM analysis, it is able to remove the out-of-plane deflection (as same as the calculation model shown in Fig.5 ) and evaluate the deflection of core member directly.
It is presented that calculated values well agree with FEM results for any analysis parameters.
From above study, validity of proposed calculation methods for deflection of the core member and bending moment of the buckling restraining member are verified. Global buckling of pin-ended tube-in-tube braces can be prevent by designing the details (i.e. thickness of buckling restraining member, length of stiffened member, gap between stiffened member and restraining member) to satisfy the condition of Eq.13. However, the theoretical estimation of the local deformation B remains as a problem to be solved and we are researching about this problem. 

